Introduction {#S0001}
============

How to inhibit tumor growth is recognized as a major task for cancer treatment nowadays.[@CIT0001] Prostate carcinoma is a frequently diagnosed cancer among male patients and is also one of the major causes of cancer-related deaths across the world.[@CIT0002] Previous studies during the last several decades have proposed models and revealed some areas of the growth of prostate cancer.[@CIT0003],[@CIT0004] Alterations in some molecular pathways, such as PTEN, TP53 and AR signaling pathway, have proved to be critical players in the occurrence, development and progression of prostate cancer.[@CIT0003],[@CIT0004] However, the molecular mechanism of the growth of prostate carcinoma still has not been fully elucidated. Therefore, in-depth investigations of the molecular mechanism of prostate carcinoma growth might help its treatments.

Glucose uptake and consumption are critical for the survival of normal cell and cancer cell.[@CIT0005] Accelerated glucose uptake distinguishes cancer cells from normal healthy cells.[@CIT0006] In effect, inhibition of glucose has been proven as a potential therapeutic target for cancer treatment.[@CIT0006] GLUT-1 has the duty of membrane translocation of glucose and altered expression of GLUT-1 is involved in the development of many diseases.[@CIT0007],[@CIT0008] GLUT-1 achieves its biological roles under certain pathological conditions through the interactions with lncRNAs.[@CIT0009],[@CIT0010] LncRNA-SNHG16 is a newly identified RNA with oncogenic roles in several kinds of cancers such as bladder cancer[@CIT0011] and glioma.[@CIT0012] In bladder cancer, lncRNA-SNHG16 is overexpression and can promote cancer cell proliferation by epigenetically silencing p21.[@CIT0011] In glioma, lncRNA-SNHG16 is also overexpressed and can sponge miR-4518 to upregulate PRMT5, thereby playing oncogenic roles.[@CIT0012] Our preliminary RNA-seq analysis revealed the positive correlation between GLUT-1 mRNA and lncRNA-SNHG16 across prostate carcinoma patients (data not shown), indicating the potential interaction between them. In our study, we found that lncRNA-SNHG16 may interact with GLUT-1 to promote the growth of prostate carcinoma cells.

Materials and Methods {#S0002}
=====================

Patient Enrollment and Specimen Collection {#S0002-S2001}
------------------------------------------

From January 2014 to January 2018, 120 patients with prostate carcinoma were diagnosed in the first affiliated hospital of Anhui University. Among those patients, 52 were included in this study. The inclusion criteria are 1) patients diagnosed as prostate carcinoma by fine-needle prostate biopsies; 2) patients diagnosed and treated for the first time; 3) patients agreed to participant. And exclusion criteria: 1) patient complicated with other malignancies; 2) patient with other prostate lesions; 3) patient aged \>80; 4) patients who were suffering from chronic diseases; 5) patients who had been treated. The 52 patients had an age range of 41--78 and a mean age of 59.1±5.2. During the same time period, a total of other 102 patients with suspected prostate lesions that also received prostate biopsies and prostate lesions were excluded in 56 cases of them. Prostate biopsies of those 36 out of those 56 cases (to math distribution of patient group) were control group. Control group had an age ranging from 40 to 79 and a mean age of 58.6±5.8. Ethics board of the first affiliated hospital of Anhui University approved this study (No. FAHAU20131213573). All enrolled subjects signed informed consent. The study was carried out in accordance with the principles of the Declaration of Helsinki.

RT-qPCR {#S0002-S2002}
-------

Trizol (Invitrogen, USA) was utilized to extract total RNA from prostate biopsies with all operations performed following the manufacturer's instructions. All RNA samples were digested with DNase I to remove genomic DNA. After cDNA synthesis through reverse transcriptions using Bio-Rad iScript cDNA Kit (Bio-Rad), PCR reactions were carried out using SYBR^®^ Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, USA). Thermal conditions were 95°C for 55s, and 40 cycles of 95°C for 22s and 60°C for 46s. Primers were: 5′-CCCAAGCTTGCGTTCTTTTC-3′ (sense) and 5′-CCGGAATTCTGACGGTAGTTTC-3′ (anti-sense) for lncRNA-SNHG16; 5′-AAGAAGCTGACGGGTCGCCTCATGC-3′ (sense) and 5′-TGAGAGGGACCAGAGCGTGGTG-3′ (anti-sense) for GLUT1; 5ʹ-GACCTCTATGCCAACACAGT-3ʹ (sense) and 5ʹ-AGTACTTGCGCTCAGGAGGA-3ʹ (anti-sense) for β-actin. 2^−ΔΔCT^ was employed to calculate the expressions.

Cell Transfections {#S0002-S2003}
------------------

Human prostate carcinoma cell lines 22Rv1 and normal prostate epithelial cell line HPrEC were purchased from ATCC (USA). Cells were cultured in DMEM with 10% FBS (ATCC 30-2020) at 37°C, 5% CO~2~. LncRNA-SNHG16 siRNA and negative control (NC, target no genes in human genome) siRNA were from Genepharma (Shanghai, China). Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.) was used to transfect 50 nM siRNA into 5×10^5^ cells. Cells were cultured for 12 h before subsequent experiments. Cells without transfection were set as control (C) cells and cells transfected with empty vector were negative control (NC) cells.

Glucose Uptake Assay {#S0002-S2004}
--------------------

After transfection, lncRNA-SNHG16 expression was detected by qRT-PCR and overexpression rate above 200% was reached. Cells were cultured in glucose-free DMEM for 16 h, followed by incubation with high-glucose DMEM for another 24 h. Levels of intracellular glucose were measured using a fluorescence-based glucose assay kit (BioVision) with all operations performed following the instructions in the kit.

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2005}
---------------------------------

After transfection, lncRNA-SNHG16 expression was detected by qRT-PCR and an overexpression rate above 200% was reached. Cell growth was measured by CCK-8 assay. Cell suspensions with a cell density of 5 ×10^4^ cells per mL were prepared and 0.1 mL cell suspension was added into each well of a 96-well plate. The plate was kept in an incubator (37°C, 5% CO~2~). CCK-8 solution (10 ul, Sigma-Aldrich) was added into each well 24, 48, 72 and 96 h later. Cells were cultured for additional 4h, followed by the measurement of OD values at 450 nm.

Western-Blot {#S0002-S2006}
------------

Total protein was extracted using RIPA solution (Sigma-Aldrich) and protein concentration was measured by BCA assay (Sigma-Aldrich). Following protein denaturation in boiling water for 10 min, SDS-PAGE (10%) gel electrophoresis was carried out to separate proteins. PVDF membranes were used to transfer proteins and blocking was performed in PBS containing 5% non-fat milk for 2h at room temperature. After that, membranes were incubated with rabbit anti-human primary antibodies of GLUT-1 (1:1500, ab15309, Abcam) and GAPDH antibody (1:1500, ab9485, Abcam) overnight at 4°C, followed by incubation with anti-rabbit IgG-HRP (1:1000, 435,036, MyBioSource) for 1h at room temperature. Signals were then developed by adding ECL (Sigma-Aldrich, USA). Image J V1.34 software was taken for signal normalization to GAPDH endogenous control.

Statistical Analysis {#S0002-S2007}
--------------------

ROC analysis was carried out using default parameters. All data were expressed as mean±SD. Unpaired *t*-test was taken for comparisons between 2 groups and one-way ANOVA followed by LSD test was taken for comparisons in different groups. Pearson correlation was taken for correlation analyses. *p* \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

LncRNA-SNHG16 and GLUT1 mRNA in Prostate Tissues Were Up-Regulated in Prostate Carcinoma Patient Than in Normal Ones {#S0003-S2001}
--------------------------------------------------------------------------------------------------------------------

Expression of lncRNA-SNHG16 and GLUT1 mRNA in prostate tissues of prostate carcinoma patients and normal ones was detected by qRT-PCR. According to [Figure 1](#F0001){ref-type="fig"}, expression levels of lncRNA-SNHG16 ([Figure 1A](#F0001){ref-type="fig"}) and GLUT1 mRNA ([Figure 1B](#F0001){ref-type="fig"}) were significantly higher in prostate carcinoma patients than those in normal ones (p\<0.05).Figure 1LncRNA-SNHG16 and GLUT1 mRNA in prostate tissues were up-regulated in prostate carcinoma patients than in normal ones. Data here show the comparison of expression levels of lncRNA-SNHG16 (**A**) and GLUT1 mRNA (**B**) between prostate carcinoma patients and normal ones (\*p\<0.05).

Up-Regulation of lncRNA-SNHG16 Effectively Distinguished Prostate Carcinoma Patient from Normal Ones {#S0003-S2002}
----------------------------------------------------------------------------------------------------

Diagnostic value of lncRNA-SNHG16 for prostate carcinoma was evaluated by ROC curve analysis. According to [Figure 2](#F0002){ref-type="fig"}, area under the curve is 0.9031 (standard error: 0.03116; 95% confidence interval: 0.8420--0.9642). Therefore, up-regulation of lncRNA-SNHG16 effectively distinguished prostate carcinoma patients from normal ones.Figure 2Up-regulation of lncRNA-SNHG16 effectively distinguished prostate carcinoma patients from normal ones.

LncRNA-SNHG16 and GLUT1 mRNA Expression Was Positively Correlated in Prostate Carcinoma Patient but Not in Normal Ones {#S0003-S2003}
----------------------------------------------------------------------------------------------------------------------

Pearson correlation coefficient was taken for correlation analysis of lncRNA-SNHG16 and GLUT1 mRNA expression. According to [Figure 3A](#F0003){ref-type="fig"}, a significantly positive relation in lncRNA-SNHG16 and GLUT1 mRNA expression was observed in prostate carcinoma patient. However, no significant relations in lncRNA-SNHG16 and GLUT1 mRNA expression was found in normal ones ([Figure 3B](#F0003){ref-type="fig"}, p\<0.05).Figure 3LncRNA-SNHG16 and GLUT1 mRNA expression was positively correlated in prostate carcinoma patient but not in normal ones. This figure shows the Pearson results of lncRNA-SNHG16 and GLUT1 mRNA expression in prostate carcinoma patients (**A**) and normal ones (**B**).

LncRNA-SNHG16 siRNA Silencing Inhibited GLUT1 Protein Expression and Reduced Glucose Uptake in Prostate Carcinoma Cells {#S0003-S2004}
-----------------------------------------------------------------------------------------------------------------------

To further investigate the relations in lncRNA-SNHG16 and GLUT1, cells of human prostate carcinoma cell lines 22Rv1 and normal prostate epithelial cell line HPrEC were transfected with lncRNA-SNHG16 siRNA and the effects on GLUT1 protein expression and GLUT1-related glucose uptake were detected by western and glucose uptake assay, respectively. According to [Figure 4](#F0004){ref-type="fig"}, in contrast to control cells (C, untransfected cells) and negative control cells (NC, cells transfected with NC siRNA), 22Rv1 cells with lncRNA-SNHG16 siRNA transfection showed significantly inhibited GLUT1 protein expression ([Figure 4A](#F0004){ref-type="fig"}) and reduced glucose uptake ([Figure 4B](#F0004){ref-type="fig"}) (p\<0.05). However, lncRNA-SNHG16 siRNA transfection showed no significant effects on GLUT1 protein expression ([Figure 4A](#F0004){ref-type="fig"}) and glucose uptake ([Figure 4B](#F0004){ref-type="fig"}) in cells of normal prostate epithelial cell line HPrEC (p\>0.05).Figure 4LncRNA-SNHG16 siRNA silencing inhibited GLUT1 protein expression and reduced glucose uptake in prostate carcinoma cells. This figure shows the effects of lncRNA-SNHG16 siRNA silencing onGLUT1 protein expression (**A**) and glucose uptake (**B**) in cells of human prostate carcinoma cell lines 22Rv1 and normal prostate epithelial cell line HPrEC.

LncRNA-SNHG16 siRNA Silencing Inhibited Growth of Prostate Carcinoma Cells {#S0003-S2005}
--------------------------------------------------------------------------

CCK-8 assay was performed to explore the effects of lncRNA-SNHG16 siRNA silencing on the growth of prostate carcinoma cells. According to [Figure 5](#F0005){ref-type="fig"}, in contrast to control cells (C) and negative control cells (NC), 22Rv1 cells with lncRNA-SNHG16 siRNA transfection showed significantly inhibited cell growth (p\<0.05). In contrast, lncRNA-SNHG16 siRNA silencing showed no significant effects on the growth of cells of normal prostate epithelial cell line HPrEC.Figure 5LncRNA-SNHG16 siRNA silencing inhibited growth of prostate carcinoma cells including 22Rv1 (**A**) and HPrEC (**B**) (\*p\<0.05).

Discussions {#S0004}
===========

The key finding of our study is that lncRNA-SNHG16 is also an oncogenic lncRNA in prostate carcinoma and the action of lncRNA-SNHG16 in prostate carcinoma is very likely to be achieved through the interaction with GLUT1.

The involvement of lncRNAs in the development and progression of prostate carcinoma has been extensively reported by previous studies. LncRNA HOTAIR was up-regulated in prostate carcinoma tissues and the overexpression of HOTAIR not only promotes the development of cancer but also reduces the sensitivity of cancer cells to chemotherapy.[@CIT0013] LncRNA ATB is also overexpressed in prostate carcinoma and promotes the growth of cancer cells.[@CIT0014] Up-regulation of lncRNA-SNHG16 has been observed in several types of cancers, such as bladder cancer[@CIT0011] and glioma.[@CIT0012] In our study we found significantly higher expression levels of lncRNA-SNHG16 in prostate carcinoma patients than those in normal ones, indicating the possible role of lncRNA-SNHG16 as an oncogenic lncRNA in this disease. It has been reported that altered expression of lncRNAs may provide guidance for the diagnosis of prostate carcinoma.[@CIT0015] In our study, we observed that up-regulation of lncRNA-SNHG16 effectively distinguished prostate carcinoma patient from normal ones. Therefore, up-regulation of lncRNA-SNHG16 may serve as a potential diagnostic marker for prostate carcinoma.

GLUT1 is a major player in glucose metabolism in cancer biology, which is usually up-regulated in different types of cancers.[@CIT0016] Overexpression of GLUT1 not only accelerated glucose metabolism but also protected cancer cells from glucose deprivation-induced oxidative stress.[@CIT0017] GLUT1 expression inhibition is considered to be a therapeutic target for cancer treatment.[@CIT0018] LncRNA has also been found to be involved in ovarian carcinoma.[@CIT0019] Being consistent with previous studies, our study observed significantly up-regulated expression of GLUT1 mRNA in prostate carcinoma patients than that in normal ones. It is known that GLUT-1 participates in certain pathological changes through the interactions with lncRNAs.[@CIT0009],[@CIT0010] Interestingly, our study observed a significantly positive relation in GLUT1 and lncRNA-SNHG16 expression in prostate carcinoma patient. In vitro experiment further confirmed that downregulation of GLUT1 leads to reduced expression levels of lncRNA-SNHG16 and decrease in glucose uptake. Therefore, lncRNA-SNHG16 is a positive regulator of GLUT1 in prostate carcinoma. However, this regulatory effect of lncRNA-SNHG16 on GLUT1 is very likely to be indirect because of less significant relations in lncRNA-SNHG16 and GLUT1 in normal ones. Certain pathological mediators should exit between lncRNA-SNHG16 and GLUT1.

It is worth to note that lncRNA-SNHG16 siRNA silencing showed no significant effects on glucose uptake and GLUT1 expression in normal prostate cells. In addition, lncRNA-SNHG16 siRNA silencing also did not significantly affect prostate carcinoma proliferation.

In conclusion, lncRNA-SNHG16 is overexpressed in prostate carcinoma. Inhibition of lncRNA-SNHG16 expression inhibits prostate carcinoma growth possibly by downregulating GLUT1.
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